A novel Gram-stain-negative, rod-shaped, non-motile and red-pigmented bacterial strain, designated K1E01-27 T , was isolated from an animal excrement sample which was found in a karst cave located in Guizhou province, China. The phylogenetic analysis based on 16S rRNA gene sequences indicated that strain K1E01-27 T represented a member of the genus Hymenobacter within the family Cytophagaceae of the phylum Bacteroidetes. Strain K1E01-27 T was most closely related to Hymenobacter algoricola VUG-A23a T , with 95.1 % 16S rRNA gene sequence similarity. Growth of strain K1E01-27 T occurred at 4-35 C, at pH 5-9 and in the presence of 0-0.5 % (w/v) NaCl. The major fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 !5c, summed feature 3 (comprising C 16 : 1 !6c and/or C 16 : 1 !7c) and summed feature 4 (comprising iso-C 17 : 1 I/anteiso-C 17 : 1 B). The major isoprenoid quinone was menaquinone 7 (MK-7). The major polar lipids were phosphatidylethanolamine, five unidentified aminophospholipids, three unidentified glycolipids, two unidentified phospholipids and one unidentified polar lipid. The DNA G+C content of the genomic DNA was 54.9 mol%. On the basis of phylogenetic, phenotypic and chemotaxonomic characteristics, strain K1E01-27
The genus Hymenobacter was first proposed by Hirsch et al. [1] with the description of Hymenobacter roseosalivarius as the type species, then the genus was amended by Buczolits et al. [2] and Han et al. [3] . At the time of writing, the genus Hymenobacter comprises 44 species with validly published names (http://www.bacterio.net), including the recently identified species Hymenobacter coalescens [4] , Hymenobacter glacieicola [5] , Hymenobacter marinus [6] , Hymenobacter monticola [7] , Hymenobacter nivis [8] and Hymenobacter paludis [9] . Species of the genus Hymenobacter are represented by Gram-stain-negative, nonmotile, pink-to red-pigmented and rod-shaped bacteria. The major respiratory quinone is menaquinone 7 (MK-7), and the dominant polar lipid is phosphatidylethanolamine. The major fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 !5c and summed features 3 and 4. The DNA G+C conntents have a relatively high range (54-65 mol%) in contrast to those of other members of the family Cytophagaceae. Members of the genus Hymenobacter have been isolated from various environments, includinga glacier in Antarctica [10], stream sediment [11] , desert [12] and karst cave soil [13] .
Strain K1E01-27 T was isolated from an animal excrement sample that was collected from a karst cave (28 12¢ 37 .74 † N 107 13¢ 38.34 † E) in Suiyang county, Guizhou province, southwest China. Two grams of the sample were serially diluted up to 10
À5
, and 200 µl diluent was spread on R2A agar plates, which contains 0.5 g yeast extract (BD-Difco), 0.5 g proteose peptone (BD-Difco), 0.5 g casamino acids (BD-Difco), 0.5 g glucose, 0.5 g soluble starch, 0.3 g sodium pyruvate, 0.3 g K 2 HPO 4 , 0.05 g MgSOÁ7H 2 O, 15 g agar and 1 L distilled water, with pH adjusted to 7.2 before autoclaving at 121 C for 15 min. Strain K1E01-27 T was derived from agar plates and purified by re-streaking on R2A agar. The pure culture of strain K1E01-27 T was routinely cultured at 15 C on R2A agar and stored at À80 C as a suspension in R2A broth supplemented with 17 % (w/v) glycerol. Hymenobacter algoricola JCM 17214 T and Hymenobacter fastidiosus JCM 17224 T were obtained from the Japan Collection of Micro-organisms as reference strains for phenotypic characterization and fatty acid analysis.
Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously [14] . Identification of phylogenetic neighbours and calculation of 16S rRNA gene sequence similarities were performed using the EzTaxon server (http://www.ezbiocloud.net/identify) [15] as well as the BLAST search program at the NCBI website (https://blast. ncbi.nlm.nih.gov/Blast.cgi). 16S rRNA gene sequences of strain K1E01-27 T and other related strains in the genus Hymenobacter were aligned using CLUSTAL W [16] . Phylogenetic analyses were carried out using three tree-making algorithms, neighbour-joining (NJ) [17] , maximum-likelihood (ML) [18] and maximum-parsimony (MP) [19] , using the software package MEGA version 6.06 [20] . The NJ tree was generated using Kimura's two-parameter method [21] . The MP tree was reconstructed using Tree-BisectionReconnection (TBR) with 10 initial trees. Based on the MODELTEST scores, the Kimura's two-parameter model together with Gamma distribution and Invariant sites (K2 +G+I) fit the data best; therefore, these parameters were used for the ML analysis. Bootstrap analysis with 1000 replications was conducted to obtain confidence levels for the branch nodes [22] .
Based on 16S rRNA gene sequence analysis, strain K1E01-27
T showed close phylogenetic relationships with members of the genus Hymenobacter, with the highest sequence similarity to H. algoricola VUG-A23a T (95.1 %). The neighbourjoining phylogenetic tree ( Fig. 1) Colony morphology was examined following growth of the novel strain on R2A agar at 15 C for 3 days. Cell shape and size were observed and determined with transmission electron microscopy (JEM-1400; JEOL) and scanning electron microscopy (Quanta 200; FEI). Motility was examined by light microscopy. Gram staining was carried out by using the standard Gram reaction and was confirmed by using the KOH lysis test method [23, 24] . Oxidase activity was evaluated via the oxidation of 1 % N,N,N¢,N¢-tetramethyl-p-phenylenediamine dihydrochloride [25] . Catalase activity was determined by measurements of bubble production after the application of 3 % (v/v) H 2 O 2 solution. Flexirubin-type pigments were tested on the basis of the KOH bathochromic shift [26] . The temperature range for growth was
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Adhaeribacter aerophilus 6424S-25 T (GQ421850) C. Anaerobic growth was tested using R2A agar supplemented with L-cysteine (1 g l -1
) and resazurin (1 mg l
À1
) as reductant and oxygen indicator, respectively. Cultivation was carried out with a Forma Anaerobic System (Thermo Scientific) for 5 days at room temperature before growth being evaluated. Enzyme activities and biochemical characteristics were additionally determined by using API ZYM and API 20NE kits (bio-M erieux) according to the manufacturer's instructions. Antimicrobial susceptibility testing was performed by the agar diffusion method using antibiotic-impregnated discs (Beijing Pharmaceutical Company), with 200 µl bacterial suspension plated onto R2A agar medium. The following antibiotics (µg per disc unless otherwise stated) were tested: penicillin G (10 IU), streptomycin (10), gentamicin (10), tetracycline (30) , vancomycin (30), ampicillin (10), chloramphenicol (30), kanamycin (30), nalidixic acid (30), polymyxin B (300 IU), rifampicin (5) and ciprofloxacin (5).
The major differential characteristics between strain K1E01-27 T and the most closely related strains are shown in Table 1 . The detailed physiological characteristics of strain K1E01-27 T are given in the species description and in Fig. S1 (available in the online Supplementary Material).
Cell biomasses of strain K1E01-27
T and of the reference strains for chemotaxonomic analyses were harvested from cultures after 4 days of growth on R2A agar at 15 C. Cellular fatty acids were extracted and methylated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), and the analysis and identification were performed by gas chromatography (GC 6890; Agilent) [27] . The major cellular fatty acids of strain K1E01-27 T were iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 !5c, and summed features 3 and 4; a full comparison of the fatty acid profiles of strain K1E01-27 T and other members of the genus Hymenobacter is given in Table 2 .
Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by TLC, and the identification of isoprenoid quinones was performed by HPLC with an eclipse XDB-C18 column (4.66150 mm; Agilent) [28] . The predominant isoprenoid quinone of K1E01-27
T was determined to be MK-7.
Polar lipids were extracted and separated by two-dimensional TLC (plates coated with silica gel, 10Â10 cm; Merck) [29] . Chromatography was performed by using chloroform/ methanol/water (65 : 25 : 4, by vol.) in the first dimension, followed by chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second dimension. The plates were sprayed with 10 % ethanolic molybdophosphoric acid (Sigma) for detection of the total polar lipids, ninhydrin (Sigma) for aminolipids, a-naphthol for glycolipids and molybdenum blue (Sigma) for phospholipids. The polar lipid profile contained phosphatidylethanolamine, five unidentified aminophospholipids, three unidentified glycolipids, two unidentified phospholipids and one unidentified polar lipid (Fig. S2) .
The DNA base composition was determined by thermal denaturation, and Escherichia coli K-12 was used as the reference [30] . The DNA G+C content of strain K1E01-27 T was 54.9 mol%.
Based on its phylogenetic position and phenotypic characteristics along with the unique combination of chemotaxonomic and biochemical properties (Tables 1 and 2), strain  K1E01-27 T represents a novel species of the genus Hymenobacter, for which the name Hymenobacter cavernae sp. nov. is proposed.
DESCRIPTION OF HYMENOBACTER CAVERNAE SP. NOV.
Hymenobacter cavernae (ca.ver¢nae. L. gen. n. cavernae of a cave).
Cells are Gram-stain-negative, aerobic, non-motile, rodshaped and approximately 0.4 µm in width and 1.2-3.0 µm . All data from this study. +, Positive; À, negative; W, weakly positive. All strains were positive for activity of valine arylamidase, naphthol-AS-BI-phosphohydrolase and b-galactosidase and for hydrolysis of aesculin. All strains were negative for assimilation of N-acetyl-D-glucosamine, malate, citrate and phenylacetate.
Characteristic
Hydrolysis of:
in length. Colonies are red, circular, smooth, moist, translucent and convex with regular edges after 3 days of incubation on R2A agar at 15 C. Growth occurs at 4-35 C (optimum, 15 C), at pH 5-9 (optimum, pH 5.5-6.5) and in the presence of 0-0.5 % (w/v) NaCl (optimum, 0 %). No colonies form on LB or TSA agar after 5 days of incubation at 15 C. Catalase and oxidase are positive. Flexirubin-type pigments are absent (KOH-test-negative). According to API 20NE results, nitrate is not reduced to nitrite, indole is produced from tryptophan, starch, gelatin and aesculin are hydrolysed but arginine and urease are not, and glucose is assimilated but not fermented. According to the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BIphosphohydrolase, b-galactosidase, b-glucuronidase and Nacetyl-b-glucosaminidase activities are positive, while lipase (C14), a-chymotrypsin, a-galactosidase, a-glucosidase, bglucosidase, a-mannosidase and b-fucosidase activities are negative. Cells are sensitive to all antibiotics tested, including penicillin G, streptomycin, gentamicin, tetracycline, vancomycin, ampicillin, chloramphenicol, kanamycin, nalidixic acid, polymyxin B, rifampicin and ciprofloxacin. The major cellular fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 !5c and summed features 3 and 4. The major respiratory quinone is MK-7. The polar lipids profile contains phosphatidylethanolamine, five unidentified aminophospholipids, three unidentified glycolipids, two unidentified phospholipids and one unidentified polar lipid.
The type strain, K1E01-27 T (=CGMCC 1.15197 T =NBRC 112610 T ), was isolated from an animal excrement sample collected from a karst cave in Guizhou province, southwest China. The genomic DNA G+C content of the type strain is 54.9 mol%. 
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